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DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

1. A request for continued examination under 37 CFR 1.1 14, including the fee set forth in 
37 CFR 1 .17(e), was filed in this application after allowance or after an Office action under Ex 
Parte Quayle, 25 USPQ 74, 453 O.G. 213 (Comm'r Pat. 1935). Since this application is eligible 
for continued examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1.17(e) has been 
timely paid, prosecution in this application has been reopened pursuant to 37 CFR 1.114. 
Applicant's submission filed on 05/18/2005 has been entered. 

2. The indicated allowability of claims 1-22 and 84-99 are withdrawn in view of the newly 
discovered reference(s) to Endo U.S. Patent 5,619,051, Eguchi et al. U.S. Patent 5,618,761, and 
Shinkawata et al. U.S. Patent Application Publication 20020008324, all of which are submitted 
by Applicant as being cited in a copending application. Rejections based on the newly cited 
reference(s) follow. 

Claim Rejections 

3. The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 

4. Claim 1, 3, 4, 84, and 90-94 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Endo U.S. Patent 5,619,051 (hereinafter the '051 patent). 
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Referring to claims 1, 84, and 90, the reference discloses a floating gate transistor, 
comprising: 

a first source/drain region (22 or 24, Fig. 5) and a second source/drain region (24 or 22) 
separated by a channel region (no number) in a substrate (10); 

a floating gate (16) opposing the channel region and separated therefrom by a gate oxide 

(14); 

a control gate (20) opposing the floating gate; and 

wherein the control gate is separated from the floating gate by an asymmetrical low 
tunnel barrier intergate insulator (18A, wherein "the dielectric film 18A is formed of a solid solution of two kinds 

of metal oxides, and the proportions of two metal oxides vary continuously of stepwise from the bottom plane 
adjacent to the floating gate 16 to the top plane", column 7, lines 1-8, and where "low" is interpreted broadly, where 
the "tunnel barrier" property is interpreted to be inherent as the stepwise-graded dielectric layer 18A is a barrier to, for 
example, electrons tunneling from, for example, from the floating gate to, for example, the control gate, and where 
asymmetrical because the intergate insulator 18A is step-wise graded with different characteristics at the two 
surfaces that interface the floating gate and the control gate, as will be described in more details below) selected to 

provide a desired first barrier height with respect to the floating gate and a desired second barrier 

height with respect to the control gate, the first barrier height being different than the second 

barrier height to promote easier erase operations and longer retention (for the limitation a desired first 

barrier height with respect to the floating gate (FG), the '051 reference discloses a forbidden band width of about 3.0 
eV - column 7, lines 55-60 - and the reason the forbidden band width in the instant teaching is considered 
functionally the same as the claimed barrier height is given below; for the limitation a desired second barrier height 
with respect to the control gate (CG), the '051 reference discloses a forbidden band width of about 3.4 eV - column 7, 
lines 55-60 - and the reason the forbidden band width in the instant teaching is considered functionally the same as 
the claimed barrier height is given below; for the limitation the first barrier height being different than the second 
barrier height, the reference teaches the first forbidden band width (3.0 eV) being different than the second forbidden 
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band width (3.4 eV); for the limitation to promote easier erase operations and longer retention, the reference teaches 
"erase time shortens to 1/5 of that in the memory cell having the dielectric film 18 of homogeneous barium strontium 
titanate [of a conventional device]" and "in the memory cell of FIG. 5 the information charge retention time is about 
twice that in the memory cell of FIG. 1 with the inter-gate dielectric film 18 of homogeneous barium strontium titanate" 

(paragraph bridging columns 7 and 8). 

The reason the forbidden band width in the instant teaching is considered functionally the same as the 
claimed barrier height is given as follows: 

The *051 reference teaches a stepwise-graded intergate insulator layer 18A which is as mentioned above a 
solid solution of two kinds of metal oxides, and the proportions of two metal oxides vary continuously of stepwise from 
the bottom plane adjacent to the floating gate 16 to the top plane adjacent to the CG 20. While it is true that a 
forbidden band width is not the same as a barrier height, it is known that in the case of non-metal, specifically in the 
case of metal oxide non-metal, more particular in the case of an intergate insulator as in the present situation, the 
barrier height (Fermi level) value lies within the forbidden band width, and this barrier height is dependent upon the 
characteristics of the materials (i.e., impurities or dopants, see "Semiconductor", The omtne Penguin Dictionary of Physics uoooj) 
of the intergate insulator (see diagram below or next page) 
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energy bands. The Penguin Dictionary of Physics (2000). Retrieved 01 October 2005, from xreferplus. http://www.xreferplus.com/entry/1428694 
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As the material of the reference's intergate insulator ((Ba,Sr)TiC>3 )is formed of a solid solution of two kinds 

of metal oxides, and the proportions of two metal oxides vary continuously of stepwise from the bottom plane 
adjacent to the floating gate 16 to the top plane adjacent to the CG 20, the Fermi level, or the barrier height, shall 
correspond to the forbidden band: when the forbidden band (value) is narrower (lower), the barrier height is lower, 
and when the forbidden band (value) is wider (higher), the barrier height is higher; hence according to the instant 
teaching, the forbidden band width is functionally the same as the claimed barrier height because the barrier height 
(Fermi level) is directly proportional to the forbidden band width as a result of the continuously-step-wise grading of 
the stepwise-graded intergate insulator layer 18A. 

Although the '051 reference does not disclose a p-type channel region for the channel and 
an n-type for the substrate to operate the floating gate transistor in the depletion mode, such 
doping to operate the transistor in a depletion mode involves only routine skill in the art therefore 
such limitations would have been easy - hence obvious - to implement by a person of ordinary 
skill in the art at the time the invention was made 

Referring to the limitation compositional gradients of claims 84 and 90, the reference's 
continuous-step-wise graded limitation provides the compositional gradients characteristics. 

Referring to claims 3 and 90, the reference further discloses that that asymmetrical low 
tunnel barrier intergate insulator includes an asymmetrical transition metal oxide, as SrTi0 3 

(column 7, lines 9-12) is a transition metal oxide. 

Referring to claims 4 and 91-94, although the reference's transition metal oxide is 
formed of a transition metal not the same as one of the claimed transition metals, they are all 
transition metals, therefore their metal oxides should be functionally equivalent. 

5. Claims 9-10 and 13-14 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Endo U.S. Patent 5,619,051 (the '051 patent) in view of Orlowski et al. U.S. Patent 6,433,382. 
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Referring to claim 9, the '051 patent discloses a non volatile memory cell substantially as 
claimed and as detailed above for claims 1, 84, and 90 including the asymmetrical low tunnel 
barrier intergate insulator 18A and a first source/drain region (22 or 24) and a second 
source/drain region (24 or 22) separated by a channel region (no number) in a substrate. The 
reference further discloses that the asymmetrical low tunnel barrier intergate insulator has a 
number of small compositional ranges ("the dielectric film 18A is formed of a solid solution of 
two kinds of metal oxides, and the proportions of two metal oxides vary continuously of stepwise 
from the bottom plane adjacent to the floating gate 16 to the top plane", column 7, lines 1-8) 
such that compositional gradients are formed to produce a first barrier height with the FG and a 
different barrier height with the control gate to promote easier erase operations and longer 
retention. 

However, the reference fails to disclose a body region including the channel region and 
that the body region including the channel region is formed on the first source/drain region. In 
other words, the reference discloses a "planar" non volatile memory cell instead of a vertical non 
volatile memory cell as claimed. 

Orlowski, in disclosing also a non volatile memory cell including a pair of source/drain 
regions, a channel region, a floating gate, and a control gate, teaches that vertical non volatile 
memory cell offers many advantages over a planar non volatile memory cell such as space 
saving, improved performance, reduced masking steps, and fully inverted or fully depleted 
channel regions (column 14, first paragraph). Therefore, it would have been obvious to one of 
ordinary skill in the art the time the invention was made to form the reference's non volatile 
memory cell such that it has a vertical configuration. One would have been motivated to make 
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such a change because a vertical non volatile memory cell offers many advantages over a planar 
non volatile memory cell such as space saving, improved performance, reduced masking steps, 
and fully inverted or fully depleted channel regions, as taught by Orlowski. 

Referring to claim 10, the '051 patent's material (SrTi0 3 , column 7, lines 9-12) for the 

asymmetrical low tunnel barrier intergate insulator meets the limitation of the claimed Markush 
group of materials. 

Referring to claims 13 and 14, the device of the '051 reference modified in view of 
Orlowski thus comprises a vertical floating gate (such as 30, Orlowski's Fig. 1 or Fig. 10) along 
side a body region (22 or 58), and a vertical control gate (32) along side the vertical floating gate. 

6. Claims 5-6 and 95-99 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Endo U.S. Patent 5,619,051 (the '051 patent) as applied to claim 1 above, and further in view of 
Eguchi et al U.S. Patent 5,618,761. 

The '051 patent discloses a non volatile memory cell substantially as claimed and as 
detailed above for claim 1 including the asymmetrical low tunnel barrier intergate insulator 18 A. 
The reference further discloses that the asymmetrical low tunnel barrier intergate insulator is 
formed of SrTi0 3 (column 7, lines 9-12) by a CVD process, meeting the limitation of claim 97 
and the claimed Markush group of materials of claim 6. The reference further discloses that the 
asymmetrical low tunnel barrier intergate insulator ought to have a high dielectric constant (the 
table in column 6, lines 35-45, and claim 1). However, the reference fails to teach the limitation 
"Perovskite" for the asymmetrical low tunnel barrier intergate insulator. 
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Eguchi, in disclosing an insulator layer for a semiconductor device, teaches that a layer 
comprising Sr, Ti, and O formed by CVD process, has a perovskite crystal structure, which 
offers a high dielectric constant and excellent insulating properties (column 9, lines 37-45). 
Therefore, it would have been obvious to one of ordinary skill in the art the time the invention 
was made to form the '051 patent's asymmetrical oxide tunnel barrier intergate insulator such 
that it is an asymmetrical Perovskite oxide tunnel barrier intergate insulator. One would have 
been motivated to make such a change because perovskite crystal structure offers a high 
dielectric constant and excellent insulating properties, which high dielectric constant property is 
desired by the '051 patent and which is taught by Eguchi. 

Referring to claims 96 and 98-99, although the reference's transition metal oxide and the 
reference's modified Perovskite transition metal oxide are formed of a transition metal not the 
same as one of the claimed transition metals, they are all transition metals, therefore their 
Perovskite metal oxides should be functionally equivalent. 

7. Claims 2 and 89 are rejected under 35 U.S.C. 103(a) as being unpatentable over Endo 
U.S. Patent 5,619,051 (the '051 patent) in view of Shinkawata et al. U.S. Patent Application 
Publication 20020008324. 

The '051 patent discloses a non volatile memory cell substantially as claimed and as 
detailed above for claims 1 and 9 including the asymmetrical low tunnel barrier intergate 
insulator 18A including a number of small compositional ranges arranged in a "vary 
continuously of stepwise" from the bottom surface to the top surface, and wherein the number of 



Application/Control Number: 1 0/028,00 1 Page 9 

Art Unit: 2818 

small compositional ranges arranged in the "vary continuously of stepwise" includes SrTi0 3 
(column 7, lines 1-12). 

However, instead of the claimed aluminum oxide (A1 2 0 3 ), as noted, the reference 

discloses SrTi0 3 . 

Shinkawata, in disclosing a gate insulating film 24 for semiconductor device, teaches that 
the two materials are equivalent (paragraph [0063]). 

Therefore, it would have been obvious to one of ordinary skill in the art the time the 
invention was made to form the '051 patent's asymmetrical low tunnel barrier intergate insulator 
such that it includes aluminum oxide (A1 2 0 3 ) instead of SrTi0 3 . One would certainly be 
motivated to do that as a choice of available and art-equivalent materials. 

8. Claims 7-8 and 11-12 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Endo U.S. Patent 5,619,051 (the '051 patent). 

The '051 patent discloses a non volatile memory cell substantially as claimed and as 
detailed above for claims 1 and 9 including the asymmetrical low tunnel barrier intergate 
insulator 18A including a number of small compositional ranges arranged in a "vary 
continuously of stepwise" from the bottom surface to the top surface. 

The reference further teaches that the floating gate includes a polysilicon floating gate 
having a metal silicide formed thereon (column 3, lines 56-63) in contact with the asymmetrical 
low tunnel barrier intergate insulator, and that the control gate includes a metal control gate 
having a metal oxide layer formed thereon in contact with the asymmetrical low tunnel barrier 
intergate insulator. 
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Compared with the claims, the reference discloses a metal silicide instead of the claimed 
first metal layer for the floating gate, a metal oxide/metal instead of the claimed second 
metal/polysilicon for the control gate. However, the differences are deemed to be obvious to one 
of ordinary skill in the art at the time the invention was made ("the artisan") because at least one 
of the following two reasons: (1) the materials are known and available to the artisan; (2) both 
the present invention and the reference fails to show an advantage of one combination of 
materials to the other. 

With respect to the limitation "wherein the metal layer includes a metal layer that has a 
different work function than the metal layer formed on the floating gate", the limitation appears 
to be inherent in the reference because: (1) the metal of the metal silicide (functionally 
equivalent to the claimed first metal) and the metal of the metal oxide (functionally equivalent to 
the claimed second metal) are different metals, resulting in different work functions; (2) the 
paragraph bridging columns 7 and 8, as noted above, expressly states that the forbidden band 
gaps, which is as detailed above for claim 1 proportional to the barrier heights, at the two 
surfaces of the asymmetrical low tunnel barrier intergate insulator, where the metal silicide and 
the metal oxide are respectively in contact with, ought to be different, leading the artisan to 
conclude that the work function of the metal silicide (functionally equivalent to the claimed first 
metal) should be different from the work function of the metal oxide (functionally equivalent to 
the claimed second metal). 



Allowable Subject Matter 
9. Claims 17-22 are allowable over the prior art of record. 
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Claims 15-16 and 85-88 are objected to as being dependent upon a rejected base claim, 
but would be allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. 

The following is an examiner's statement of reasons for the indication of allowable 
subject matter: The cited art, whether taken singularly or in combination, especially when all 
limitations are considered within the claimed specific combination, fails to teach or render 
obvious a non-volatile memory cell having all exclusive limitations as recited in claims 17, 15, 
and 85, characterized in that the second metal layer has a different work function from the first 
metal layer to further promote easier erase operation and longer retention (claims 17 and 85) or 
that the vertical p-channel depletion mode nonvolatile memory cell includes a horizontally 
oriented floating gate formed alongside of the body region (claim 15). 



10. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Tu-Tu Ho whose telephone number is (571) 272-1778. The 
examiner can normally be reached on 6:30 am - 5:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, DAVID NELMS can be reached on (571) 272-1787. The fax phone numbers for the 
organization where this application or proceeding is assigned are (703) 872-9306 for regular 
communications and (703) 872-9306 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is (703) 308-1782. 



Conclusion 




Tu-Tu Ho 
October 03, 2005 



